Abstract. The proper excavation sequence of comprehensive strengthening remolded soil method of combining sleeve-valve-pipe grouting and bolt support was studied for the abutment backfill stability problems when the retaining wall in front of pillar abutment was excavated which was often encountered in the construction process of highway reconstruction and extension. With ANSYS software, the strength reduction method was used to analyze the safety factor of slope excavation of different excavation programs to determine the most rational excavation program.
Introduction of the project
The project is located in Linyi segment of Rilan highway. The # 3 abutment at K100+462 of the separate overpass is intersected with the widening Zhang-Nan Road. The settlement difference between the abutment and embankment fill is about 80mm. The soil is engineering classified as coarse grained soil with a filling height of 8m. The depth of foundation soil is 15m, and the bedrock is under the soil. The abutment backfill and foundation soil engineering properties which were got after a review of the geological exploration data, field sampling and laboratory experiments are shown in Table 1 .
Numerical simulation and main conclusions
ANSYS8.0 software was used to build a three-dimensional elastic-plastic numerical model of the front slope of pillar abutment. The bridge with the slope of soil excavation was simulated. In particular, in the most disadvantaged sectors of construction the impact of jumping dynamic loading on pile cap displacement was simulated and analyzed.
The pile distribution of the horizontal displacement along the bridge in an excavation process is shown in Fig.1 . With the progress of the vertical excavation, the horizontal displacement of the pile is increasing. When three stage excavation of the lane is completed, the largest horizontal displacement of the pile top was up to 0.7mm. When staging and grading excavation is completed, the horizontal displacement of the pile top is near 2mm. The displacement changes of pile top react construction displacement of the bridge abutment cap. Retaining wall transformation construction of slope makes the abutment cap of bridge compresses the bridge length. The displacement change of 2mm is in the acceptable range. Because of embedded rock constraints at the bottom of the pile and the support of soil in front of the wall, the horizontal displacement of pile was distributed in "S" shape. The convex shape of the pile below the original ground demonstrated that the soil had a deformation tendency of slip movement and the pile above the original ground formed a cantilever pile.
The impact dynamic time-history of horizontal displacement at the top of the pile. The impact dynamic time-history curve of horizontal displacement along the bridge at the top of the pile was given in Fig.2 . R, L, C respectively was the transverse pile code below the cap, where R is the inside pile, L is the outside pile and C is the center pile. Fig.2 , during the construction process of retaining wall of the slope, horizontal displacement of the outside pile was more influenced by the slope excavation than the inside one; when the pile was effected by the jumping impact force at the end of bridge, the horizontal displacement fluctuations in each pile was basically consistent, but the fluctuation amplitude of the outside pile was larger than the inside one; the horizontal displacement at the top of pile under load decreased firstly and then increased, showing a wavy attenuation. It reached a trough at the 0.45s and a peak at the time of 0.67s. The reasons of this phenomenon were the spread of volatility and the lag of dynamic response of the earth.
Numerical simulation of spatial effects and the stability of slope excavation. Currently, in pit design, Rankine or Coulomb theory are used in active and passive earth pressure calculation. In essence, these theories only apply to plane problems. For the pit, the broken shape of soil of the inner wall clearly shows a three-dimensional space situation. There has a significant correlation between the soil pressure and ratio of width to height. Earth pressure measured results show that when ratio of width to height of the pit W/H<5, there is an obvious arching effect in the rupture body behind the pit. Such usage of arching spatial effect is beneficial to controlling soil excavation stability of the pit, but the ratio of width to height of the pit excavation is related to the size of the arch and has no response to the stability of the soil within the arch. The collapse and fall of soil within the arch also cause damage to the project, and is also unacceptable.
The impact of the excavation segment width on the stability in retaining wall construction of the slope was relatively large. The interval excavation by troughs construction method was using the support and restraints of the soil section which was not excavated on the soil section which had been excavated to increase the security and stability of retaining wall construction of the slope. But with the increase in the width of the excavation section, the role of support and restraint reduced. In order to determine a reasonable excavation segment width of the slope soil and ensure the security and stability of slope excavation. Numerical simulations were carried out in different construction excavation height and excavation width cases to calculate the security and stability factor with the strength reduction method. The segment excavation width was determined according to the changes of the safety factor.
A three-dimensional elastic-plastic analysis model is built with ANSYS finite element analysis software. Considering the symmetry of the problem, we take the 1/2model. The model width is 60m and the height of the foundation is 15m. The roadbed height varies with the excavation height of the slope, and 24 3D models are established. The strength reduction method is used on foundation and roadbed soil with the Mohr-Coulomb yield criterion to calculate safety coefficient of stability.
The boundary conditions are: the bottom face is constrained fully, the three sides of the model are constrained normally, the side portion of excavation is symmetry constrained, and the slope and the top surface are free. The calculation parameters come from the data in the table. Table 2 shows the stability safety factor corresponding to the different excavation width at different slope excavation heights by strength reduction method. Table 2 show that when the ratio of width to height is 1 and the excavation height and width increase, the stability factor of safety continue to decrease. It explains that the ratio of width to height of excavation can not reflect the excavating slope stability. With the expansion of the excavation scale, the arching range also expanded, but the instability and slump of soil in the arch is also unacceptable. Table 3 shows that in front of and behind slope excavation retaining the shapes and positions of sliding surface were not the same. It was arc shape penetrating the toe in front before excavation and wedge shape after excavation. The retaining restored to the kick drum arc after the construction indicating the importance of strengthening the passive earth pressure area in front of the abutment and the timely construction of the pavement structure; after the retaining wall construction, the stability safety factor of soil the level of before excavation of the front slope of abutment, and the retaining effect of retaining wall was obvious; in the scheme of grading excavation and then construction of retaining wall in whole section, the stability safety factor was 1.61, while in the staging and grading excavation and support in time scheme, the stability safety factor was 1.84, indicating the last one was more secure.
Setup of the measuring equipment on the spot and collecting of measuring data
In the column abutment slope reconstruction project of separated interchange at K100+462 in Rilan highway, the percent meter was installed at the top of retaining wall and the MGH-200 vibrating anchor dynamometer was installed on the anchor of failure tube pre-buried across the wall. The anchor tension and the displacement variation law at the top of the wall were tested when the adjacent segments were constructed, and the anti-pullout test of the anchor was carried out.
The displacement at the top of the wall and the anchor tension during the construction process were monitored on the site and the anti-anchor pullout test of the anchor was conducted to analyze the stability of the soil during the soil excavation and retaining wall construction process. The displacement at the top of the wall was mainly in construction. The anchor tension was no mutation. The retaining walls and the soil behind kept security and stability. Fracturing grouting reinforcement in the front and behind the abutment effectively improve the shear strength and anti-deformation ability of the soil in reinforced zone. There was no collapse, fall, slip phenomenon during the construction process and the reinforcement effect was obvious.
Conclusions
Through the implementation of scheduled programs for highway slope excavation, and the use of staging and grading excavation and prompt reinforcement measures of retaining wall construction, the retaining walls were established on the basis of slope excavation to make the project construction successful. Experiments on the field show that the project as a whole tends to be stable. The main conclusions are:
(1)During the excavation process of plan 1, the curve between the time and the displacement is very gentle at the beginning and slowly steepen over time. So we can obtain that the displacement of soil body mainly focus on the early time, so the impact of the subsequent excavation on the soil is not too great, and the displacement ratio between before and after is small.
(2)During the excavation process of plan 1, the curve between the time and the displacement is steep at the beginning and become slow relatively at last, which indicates that the displacement of soil is mainly in late, so there is a greater impact on soil by late excavation. With the late construction, it is found that there is shrinkage phenomenon experience of soil, which mainly occurs in the local area of the upper part of the soil. The reason for this phenomenon is that the pre-excavation make the initial stress of soil been released, leaving the soil displacement field in each section trend to distribute again.
(3) The stress field produced by two construction programs in the soil is almost consistent. In construction plan 1 the earth has a large distorted and a slow steady rate. The soil displacement in plan 2 is smaller than plan 1. In the construction, the plane of construction should be enlarge to reduce the displacement among soils. So the usage of plan 2 is better.
